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i*4> Seated edge gate. 



»57» The present invention relates to a hot runner 
~ sealed edge gated injection molding system. 
The system includes a mold cavity plate (28) 
with at least one injection gate (16) and a nozzle 
assembly (12) having a tip end (40) and at least 
one melt channel (14. 38) for transporting mol- 
ten plastic material. The system further includes 
an annular seal ring (42) which fits snugly over 
the tip end of the nozzle assembly. The seal ring 
has at least one melt channel (56) and at least 
one orifice (54) for transporting molten plastic 
material from the at least one melt channel in 
the nozzle assembly to the at least one injection 
gate in the mold cavity plate. In a preferred 
embodiment, the seal ring is formed from a 
material having a thermal coefficient of expan- 
sion lower than the thermal coefficient of 
expansion of the material forming the nozzle. 
As a result, the nozzle when heated will expand 
at a greater rate than the seal ring resulting in 
an effective sealing arrangement with the seal 
ring being pressed against the mold cavity plate 
and being gripped by the nozzle. 
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{ Background of the Invention 

The present invention relates to an improved noz- 
zle assembly for an injection molding machine and, 
more particularly, to an improved sealed edge gate 5 
arrangement to be used therein. 

Hot runner edge gating systems are well known 
in the art. When such systems are used to process 
heat sensitive resins however, it becomes important 
to minimize or, if possible, eliminate any bubble or res- w 
in insulation well so as to avoid degraded resins, trap- 
ped within the nozzle assembly and its components, 
from being drawn into the main melt stream and 
thereby into the molded part 

U.S. Patent Nos. 4,344,750 to Gellert and is 
4,981,431 to Schmidt show typical non-bubble type 
hot runner edge gating systems. The system shown 
in the Gellert patent uses individual hollow seals to 
connect the hot runner nozzle directly to the cavity 
gate. This totally eliminates the bubble because the 20 
nozzle is completely surrounded by an insulating air 
gap. The seals used in this system are pressed into 
recesses in the nozzle, one seal for each gate. As t he 
nozzle assembly is fitted into the mold cavity plate, 
the seals deform slightly inwardly so as to effect a 25 
mechanical seal with the cavity plate. Removal and 
replacement of the nozzle for servicing requires the 
replacement of the seals each time. Another disad- 
j' ^ vantage of this approach is that the seal is made of 

v titanium, which although having a lower thermal con- 30 

ductivity than steel, still permits a significant amount 
of heat to be conducted from the heated nozzle to the 
cooled mold cavity. As a consequence, the nozzle 
has to be heated to a higher temperature than would 
ot herwise be required to process t he resin. Normally 35 
this is not detrimental, but when heat sensitive resins 
are processed, this can be troublesome since these 
resins easily degrade at temperatures only slightly 
higher than their processing temperature. 

The Schmidt patent also uses individual titanium 40 
seals individually screwed into the nozzle assembly. 
The seal design uses a very small bubble to locally in- 
sulate the gate from the nozzle and thereby reduce 
the heat conducted through the seal. A disadvantage 
of this design is that the stiffer seal construction is 45 
less elastic and does not readily deform during instal- 
lation like the Gellert seal. This means greater accu- 
racy in manufacture and assembly are required in or- 
der to assemble the nozzle. Also, since this seal is 
larger than the Gellert seal, there is less space in the 50 
nozzle to accommodate multiple seals for multiple 
gating. The most attempted has been four. Additional 
orifices tend to weaken the nozzle at the tip end 
where strength is most important. At the tip end, the 
injected resin travelling at high speed anc under high 55 
pressure must change direction through ninety de- 
grees subjecting the end of the nozzle to very high 
{ stresses. The risk of blowing the end of f the nozzle is 



increased by the addition of seals for multi-cavity gat- 
ing. 

Both of the sealing devices shown in the Gellert 
and Schmidt patents have the disadvantage that the 
sealing and the location of the gates is local to each 
gate. Thus, in a two cavity arrangement, there is a 
te ndency for t he nozzle assembly to cock or jam when 
being assembled or disassembled since alignment 
and contact with the mold cavity occurs in only two 
places within the mold cavity location diameter. 

Accordingly, it is an object of the present inven- 
tion to provide an improved sealed edge gate system 
for an injection molding system. 

It is a further object of the present invention to 
provide an edge gate system as above which facili- 
tates the processing of heat sensitive resins. 

It is still a further object of the present invention 
to provide an edge gate system as above which pro- 
vides a nozzle assembly having improved thermal in- 
sulation properties. 

Other objects and advantages of the present in- 
vention will become more apparent from the following 
description and the accompanying drawings in which 
like reference numerals depict like elements. 

Summary of the Invention 

The foregoing objects are attained by the sealed 
edge gate system of the present invention. In accor- 
dance with the present invention, a hot runner sealed 
edge gated injection molding system comprises a 
nozzle assembly having a tip end and at least one 
melt channel extending into the tip end and an annular 
seal or sealing ring snugly fitted over the tip end of the 
nozzle assembly. The seal ring has at least one melt 
channel for mating with the at least one melt channel 
in the nozzle assembly. 

The seal ring of the present invention is further 
characterized by the presence of one or more orifices 
which can be aligned with one or more gates in a mold 
cavity plate and by the presence of two circumferen- 
tial bubble grooves and a circumferential film groove 
about its periphery for receiving molten plastic mate- 
rial which acts as a thermal insulator. The seal ring is 
preferably formed from a material having a lower ther- 
mal coefficient of expansion than the material form- 
ing the tip end of the nozzle assembly. In this way, a 
gripping force can be generated on the seal ring when 
the nozzle assembly and/or the tip end is heated and 
an effective sealing arrangement can be created be- 
tween the seal ring and the mold cavity plate. 

Still otherfeatures of the sealed edge gated injec- 
tion molding system and the seal ring will be descri- 
bed in the following description. 

Brief Description of the Drawings 

Figure 1 is a cross sectional view of a nozzle as- 
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sembly with a seated edge gate in accordance 

with the present invention: 

Figure 2 is an enlarged view of a portion of the 

noz2le assembly of Figure 1: and 

F igure 3 is a perspective view of a seat ring in ac- 5 

coroance with the present invention. 

Detailed Description 

Referring now to the drawings. Figure 1 illus- ro 
trates a nozzle assembly for an injection molding sys- 
tem. The nozzle assembly includes a nozzle 12 
formed from a thermally conductive material, such as 
steel or a copper alloy, having a central melt channel 
14 through which molten plastic material is transfer- »5 
red from a source (not shown) to one or more injection 
gates 16 in a moid cavity plate 28. As shown in Figure 
1 . the central melt channel 14 can terminate in one or 
more angled melt channels 38 located in or extending 
into a tip end 40 of the nozzle 12. It should be recog- 20 
nized that, while only two angled melt channels 38 
have been illustrated in Figure 1, the melt channel 14 
could terminate in any desired number of angled melt 
channels 38 with the number of such angled melt 
channels generally corresponding to the number of 25 
injection gates 16 in the mold cavity plate 28. 

As shown in Figure 1, the nozzle 12 has one or 
more grooves 18 machined therein and extending 
along its longitudinal axis for housing a tubular heater 
20 which keeps the plastic material within the melt 30 
channel 14 in a molten condition. A steel sleeve 22 is 
provided around a central portion of the nozzle 1 2 and 
serves to retain the heater 20 in the groove(s) 18. If 
desired, a heater 20' may also be housed in a groove 
in t he tip end 40 of t he nozzle 1 2. The heater 20* could 35 
be part of the heater 20 or alternatively may be a sep- 
arate heater. The heater(s) 20. 20* may comprise any 
suitable heater known in the art. 

An annular insulator 24 is preferably positioned 
between the head 26 of the nozzle 12 and the mold 40 
cavity plate 28 to reduce the amount of heat transfer- 
red from the nozzle 12 to the mold cavity plate 28. As 
can be seen from Figure 1 , the insulator 24 surrounds 
a portion of the sleeve 22. It has a lower end 30 which 
rests on a surface 32 cut into the mold cavity plate 28 45 
and an upper end 34 abutting a lower surface 36 of 
the nozzle head 26. The insulator 24 rs held in place 
against the nozzle head by the sleeve 22. Preferably, 
the insulator is formed from steel, whose thin section 
24 limits the flow of heat to the cavity plate. 50 

Access openings 21 and 23 are provided in the 
nozzle 12 and/or the insulator 24 to permit wiring (not 
shown) to be connected to the heater(s) 20 and the 
thermocouple located at 100. 

In accordance with the present invention, the 55 
nozzle assembly includes an annular seal ring 42 
snugly fitted over the tip end 40 of the nozzle 12 and 
housed within a recess 46 defined by a lower portion 



of a bore 45 in the mold cavity plate 28, The seal ring, 
as shown in Figure 3. is formed by an annular body 
having a central bore 44 with a diameter D, which is 
substantially eoual to t he outer diameter of t he tip end 
40 of the nczzle 12. The seal ring also has an outer 
diameter D : which substantially corresponds to the 
diameter of the recess 46. When assembled, the seal 
ring 42 contacts the wall(s) of the bore defining the 
recess 46 about its entire periphery and extends 
about or surrounds the tip end 40 of the nozzle. Since 
contact between the seal ring and the recess wall(s) 
is not limited to a few locations, cocking is avoided 
and easy assembly/disassembly and proper align- 
ment of the nozzle assembly is ensured. 

As shown in the drawings, the seal ring 42 has a 
number of angled melt channels 56 machined therein. 
These angled melt channels mate with the angled 
melt channels 38 in the tip end 40 of the nozzle and 
form passageways which serve to transport molten 
plastic material from the melt channels 38 to the in- 
jection gates 16 in the mold cavity plate. Of course, 
the number and the location of the angled melt chan- 
nels 56 in the seal ring corresponds to the number 
and the location of the angled melt channels 38 in the 
tip end of the nozzle. In addition to cooperating with 
a respective melt channel 38. each melt channel 56 
is in communication with an orifice 54 drilled into the 
seal ring 42 which also forms part of the passageway 
for transporting plastic material. The number of orific- 
es 54 drilled into the seal ring 42 and their locations 
correspond to the number and the locations of the 
gates 16 in the mold cavity plate 28. The orifices 54 
permit molten plastic material within the channels 56 
to flow into the gates 16. It should be recognized that 
one advantage of the design of the seal ring 42 is that 
many such orifices can be drilled inlo the ring about 
the ring periphery without causing any substantial 
weakening of the ring. Thus 8, 12 or even 16 small 
cavity gates can be accommodated from a single noz- 
zle assembly fitted with the seal ring of the present 
invention. 

Preferably, the seal ring 42 is made from a mate- 
rial having a thermal coefficient of expansion lower 
than the thermal coefficient of expansion of the ma- 
terial forming the nozzle 12. In this way. the nozzle 
12 when heated will expand inside the seal ring 42. 
Since the outer periphery of the seal ring abuts the 
wails defining the recess 46. expansion of the nozzle 
will press the seal ring outwardly to seal against the 
wall(s) of the recess as well as cause a gripping effect 
on the seal ring 42. As a result, a good seat is formed 
between the seal ring and the mold cavity plate and 
between the melt channels 38 and 56 so that leakage 
of molten plastic material between the nozzle and the 
seal ring is avoided. In a preferred embodiment of the 
present invention, the seal ring is formed from titani- 
um (a material having a thermal coefficient of expan- 
sion of 5.3 x 1 0r* in/in/°F) or a titanium alloy, while the 
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nozzle is formed from steel (a material having a ther- 
mal coefficient of expansion of 6.8 x 10-* infin c F) or 
a copper alloy, such as BeCu25 or Ampco 945 having 
a thermal coefficient of expansion of 9.5 x 10 6 
in/in/°F . 5 

Two circumferential bubble grooves 48 and 50 
and a circumferential film groove 52 are machined 
into the seal ring 42. The grooves 48, 50 and 52 ex- 
tend about the entire periphery of the seal ring with 
the film groove 52 extending between the bubble to 
grooves 48 and 50. In operation, at least some of the 
molten plastic materia! injected into the gates 16 via 
the angled melt channels 56 and the orifices 54 will 
initially fill the circumferential film and bubble grooves 
48, 50 and 52 because the orifices 54 are in commu- 75 
nication with I he grooves. This plastic material acts as 
a thermal insulator. As a result, there is a minimiza- 
tion of the heat transferred via the seal ring 42 to the 
mold cavity plate 28. 

It has been found that by using the seal ring of the 20 
present invention, there is no bleeding of the insulat- 
ing plastic material into the main melt stream flowing 
through the orifices 54 and the gates 16. Thus, the 
sealed edge gate system of the present invention has 
particular utility in the processing of heat sensitive 25 
resins where degradation and contamination of the 
resin needs to be avoided. The sealed edge gate sys- 
tem of the present invention is also advantageous in 
that the improved thermal insulation properties ob- 
tained thereby mean that the nozzle heater 20 need 30 
not be operated unnecessarily high in order to over- 
come heat losses. 

The design of the seal ring 42 is most advanta- 
geous in that when frequent color change or change 
of resin is required it maintains strength integrity and 35 
allows easy assembly/disassembly. Still further, the 
design provides an ability to offer more gates per noz- 
zle which is an important benefit. r 

While the seal ring 42 has been illustrated as hav- 
ing an annular configuration, it should be recognized 40 
that the seal ring could have any desired configura- 
tion or shape. 



Claims 



45 



1. A hot runner sealed edge gated injection molding 
system comprising: 

a nozzle (12) having a tip end (40) and at least 
one melt channel (14) for transporting molten so 
plastic material, said at least one melt channel 
(14) extending into said tip end (40) of said nozzle 
(12); and 

an annular seal ring (42) snugly fitted over said tip 
end (40) of said nozzle (12), said seal ring (42) 55 
having at least one melt channel (56) for trans- 
porting said molten plastic material, said at least 
one melt channel (56) in said seal ring (42) mating 



with said at least one melt channel (14) in said 
nozzle (12). 

2. The injection molding system of claim 1 further 
comprising: 

said at least one melt channel in said nozzle (12) 
comprising a central melt channel (14) and at 
least one angled melt channel (38) located within 
said tip end (40), said at least one angled channel 
(38) communicating with said central melt chan- 
nel (14); and 

said seal ring (42) having at least one angled melt 
channel (56) mating with said angled melt chan- 
nel (38) in said tip end (40). 

3. The injection molding system of daim 1 or 2 fur- 
ther comprising: 

a mold cavity plate (28) having at least one injec- 
tion gate (16); and 

said seal ring (42) having at least one orifice (54) 
communicating with said at least one injection 
gate (16) for enabling molten plastic material in 
said at least one melt channel (38) in said nozzle 
(12) to be transported to said at least one injec- 
tion gate (16). 

4. The injection molding system of claim 3 further 
comprising: 

said mold cavity plate (28) having a number of in- 
jection gates (16); and 

said seal ring (42) having a number of orifices 
(54) drilled therein about its periphery, said num- 
ber of orifices (54) being equal to said number of 
injection gates (16) with each respective orifice 
(54) mating with one of said injection gates (16). 

5. The injection molding system of at least one of 
claims 1-4 further comprising: 

a mold cavity plate (28); 

said seal ring (42) being in contact with said mold 
cavity plate (28) and having means for minimizing 
heat transferred from said seal ring (42) to said 
mold plate (28); and 

said heat minimizing means comprises two bub- 
ble grooves (48. 50) and a film groove (52) ma- 
chined into said seal ring (42). said grooves (48. 
50. 52) being filled by plastic material acting as a 
thermal insulator. 

6. The injection molding system of claim 5 further 
comprising: 

said seal ring (42) being located within a recess 
(46) in said mold cavity plate (28) and being in 
-contact with at least one wall defining said recess 
(46); 

said seal ring (42) being made of a material hav- 
ing a lower thermal coefficient expansion than 
the material forming said nozzle (12) so that 
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when said nozzle (12) is heated and expands 
within said seat ring (42) a gripping effect is ere- 
atec which ensures a good seal between said at 
least one melt channel (38) in said nozzle (12) 
and said at least one melt channel (56i in said 5 
seal ring (42); 

said recess (46) having a diameter, and 
said seal ring (42) having an outer diameter (D2) 
substantially equal to said diameter of said recess 
(46). io 
whereby expansion of said nozzle assembly (12) 
due to heating presses said seal ring (42) out- 
wardly to seal against said at least one wall de- 
fining said recess (46). 

?5 

7. The injection molding system of claim 6 further 
comprising: 

at least one groove (18) extending along said 
nozzle (12); 

at least one heater (20, 20') positioned within said ?o 
at least one groove (18) to maintain said plastic 
material in said melt channels (14. 38) in a molten 
condition; 

a sleeve (22) surrounding a portion of said nozzle 
(12) and serving to hold said at least one heater i-5 
(20) in position. 

an annular insulator (24) surrounding a portion of 
said sleeve (22); 

said insulator (24) having a lower end (30) con- 
tacting said mold cavity plate (28) and an upper 30 
end (34) contacting said nozzle (12); and 
said insulator (24) being held in place by said 
sleeve (22). 

8. A sealed edge gate for use in an injection molding 35 
machine, said sealed edge gate comprising: 

a mold cavity plate (28) having at least one injec- 
tion gate (16); 

a nozzle (12) having at least one melt channel 
(14. 38) for transporting molten plastic material: -*0 
and 

an annular seal ring (42) surrounding a portion of 
said nozzle (12). said seal ring (42) having at 
least one passageway (56) for transporting said 
molten plastic material from said at least one melt 4$ 
channel (38) to said at least one injection gate 
(16). 



and said mold cavity plate (28); 
said heal transfer minimizing means comprises 
two bubble grooves (48. 50) and a film groove 
(52) extending about the periphery of said seal 
ring t42i. said bubble grooves (48. 50) and said 
film groove (52) being filled with plastic material 
acting as an insulator and 
said film groove (52) extends between said bub- 
ble grooves (48. 50) 

11. A sealed edge gate for use in an injection molding 
system, said sealed edge gate comprising: 

a mold cavity plate (28) having a plurality of injec- 
tion gates (16); 

a nozzle (12) having a central melt channel (14) 
for transporting molten plastic material, said melt 
channel (14) terminating in a plurality of angled 
melt channels (38); 

a seal ring (42) extending about a tip end (40) of 
said nozzle (12). said seal ring (42) having a plur- 
ality of melt channels (56) mating with said an- 
gled melt channels (38) in said nozzle (12) and a 
plurality of orifices (54) about its periphery; and 
each said orifice (54) being in communication 
with a respective one of said injection gales (16) 
and a respective one of said melt channels (56) 
in said seal ring (42) so as to enable molten plas- 
tic material in said nozzle (12) to be transported 
to said respective one injection gate (16). 

12. The sealed edge gate system of claim 11 further 
comprising: 

said nozzle (12) being formed from a thermally 
conductive material; 

said seal ring (42) abutting against said mold cav- 
ity plate (28); and 

said seal ring (42) being formed from a material 
having a lower thermal coefficient of expansion 
than the material forming said nozzle (12). 
whereby said nozzle material expands at a great- 
er rate than said seal ring material when said noz- 
zle (12) is heated and thereby presses said seal 
ring (42) against said mold cavity plate (28) to cre- 
ate a sealing effect and creates a gripping effect 
on said seal ring (42) so as to substantially pre- 
vent leakage of plastic material between said 
nozzle (12) and said seal ring (42). 



9. The sealed edge gate of claim 8 wherein said at 
least one passageway includes at least one melt so 
channel (56) within said seal ring (42) and at least 

one orif ice (54) in said seal ring (42) communicat- 
ing with said at least one angled melt channel 
(56) within said seal ring (42). 

55 

10. The sealed edge gate of claim 9 wherein: 

said seal ring (42) includes means for minimizing 
the transfer of heat between said seal ring (42) 
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